Pneumonia is an inflammatory disease that occurs in the lungs associated with pathogens or other factors. It has been well established that long noncoding RNA X inactivate-specific transcript (XIST) is involved in several cancers. The present study focused on the effect and detailed mechanism of XIST in lipopolysaccharide (LPS)-induced injury in pneumonia. Here, XIST was silenced by transfection with XISTtargeted siRNA, and then, mRNA expression, cell viability, apoptosis, and protein expression were, respectively, assessed by qRT-PCR, CCK-8, flow cytometry, and Significance of the study: Our study demonstrated that XIST was highly expressed in patients with acute stage of pneumonia. Knockdown of XIST remarkably alleviated LPS-induced cell injury through increasing cell viability and inhibiting apoptosis and inflammatory cytokine levels through regulating JAK/STAT and NF-κB pathways.
Pneumonia is an inflammatory disease, which is characterized by infection of pathogens including bacteria, viruses, and fungi in lower respiratory tracts. 1, 2 Pneumonia represents an important cause of mortality rates worldwide, especially in children and the elderly mainly accompanied with typically clinical symptoms of fever, cough, shortness of breath, chest pain even respiratory failure and heart failures. [3] [4] [5] It is well known that pneumonia is correlated with inflammatory stimulation from microbial pathogens (endotoxin etc), which is widely believed to be one of the causes of severe pneumonia. 6 As a potent endotoxin, lipopolysaccharide (LPS) is the main bioactive component of the cell wall of gram-negative bacteria and is critical for the inflammatory response. 7 Thereby, it is imminent to clarify the potential mechanism and develop novel effective strategies about inflammation response in pneumonia for improving the clinical treatment of pneumonia.
Long noncoding RNAs (lncRNAs) have a molecular size of longer than 200 nucleotides and similar to mRNAs in transcription and processing but have no protein-coding capacity. 8, 9 Currently, increasing evidences have demonstrated that numerous lncRNAs are critical modulators participated in specific physiological and pathological processes via transcriptional or post-transcriptional regulatory mechanisms. 10 Fast-growing number of studies have disclosed that dysregulations of lncRNAs are correlated with various diseases including cancers, 11 neurodegeneration diseases, 12 cardiovascular diseases, 13 and inflammatory diseases, as well as lung cancer 14 and pulmonary fibrosis. 15 The lncRNA X inactivate-specific transcript (XIST), which is located on the X chromosome, 16, 17 is enriched in multiple cancers and regulates tumorigenesis and development as a potential oncogene gene through competing RNA mechanisms. [18] [19] [20] [21] [22] Of note, XIST is proved to regulate the inflammatory response in neuropathic pain and peripheral nerve injury. [23] [24] [25] [26] Hence, it was hypothesized that XIST might function to modify the inflammation response in pneumonia.
Mounting evidence reveals that lncRNAs harbouring miRNA response elements (MREs) could regulate cancer-related gene expression via competitively target miRNAs through binding to MREs. 27 miRNA is a class of short noncoding RNAs with about 20 to 22 nucleotides and negatively regulates protein expression by targeting its 3′ untranslated region (UTR) of mRNA. 28 Among them, miR-370-3p exerts anti-inflammatory effects in varied diseases, including atherosclerosis, hepatic ischemia-reperfusion injury, and cardiovascular disease. [29] [30] [31] Based on the above research, miR-370-3p is capable of reducing the levels of inflammatory cytokines including IL-6 and IL-1β through mediating inflammation-related signalling pathways.
Additionally, there are predicted possible binding sites for miR-370-3p and XIST. Above all, it is worth exploring whether XIST is able to interact with miR-370-3p thus playing a regulatory role in pneumonia.
In this study, XIST was detected highly expressed in serum of acute-stage pneumonia. To verify our hypothesis that whether XIST could regulate pneumonia development, pneumonia and lung injury cell model was constructed by LPS induction in WI-38 cells as described in some previous studies. 32, 33 Primers are detailed in Table SS1 .
| Cell viability assay
The cell viability was assessed using the CCK-8 proliferation detection kit (Dojindo, Tokyo, Japan). Briefly, a total of approximately 5 × 10 3 cells were seeded in 96-well plates; after LPS stimulation, 20 μL CCK-8 solution was added to each well and cultivated for 1 hour.
The absorbance of the reaction system was measured spectrophotometrically at 450 nm.
| Detection of cell apoptosis
Flow cytometry analysis for apoptosis was performed with Annexin V FITC-propidium iodide (PI) staining assay (Invitrogen, CA, USA) based on the manufacturer's instruction. 
| Western blotting
Cells were lysed with lysis buffer containing protease inhibitors (50 mM Tris-HCl pH 8, 50 mM NaCl, 0.5% NP-40). Equal amounts of protein were resolved by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gels and transferred to PVDF membranes. After blocking with 5% nonfat milk, the membranes were then immunoblotted with primary antibodies against TLR4, Bcl-2, Bax, cleaved caspase-3, cleaved caspase-9, IL-6, IL-1β, TNF-α, JAK2, p-JAK2, STAT3, p-STAT3, p65, p-p65, IkBα, p-IkBα, and β-actin (Abcam, USA) at a dilution of 1:1000 overnight at 4°C. Following washing, the membranes were exposed to HRP-conjugated goat anti-rabbit (1:5000, Santa Cruz); secondary antibodies and signals were detected with ECL detection system.
| Luciferase reporter assay
WI-38 cells were cultured into 24-well plates and transfected with pmirGLO dual-luciferase vector (XIST WT, XIST MUT, TLR4 WT, and TLR4 MUT) together with miR-370-3p mimics or negative control (NC mimics). After 24 hours, luciferase activity was measured by the dual-luciferase reporter assay system (Promega, Madison, WI, USA). 
| RNA-FISH
Cy3-labelled XIST and DAPI-labelled U6 probes were designed and synthesized by RiboBio (China). A fluorescent in situ hybridization kit was used to perform RNA-FISH assay according to the manufacturer's protocol (Thermo Fisher).
| Statistical analysis
All quantitative data were presented as mean ± SD and analysed using SPSS 20.0 software (SPSS Inc., Chicago, IL, USA). The comparison significances were, respectively, evaluated by a two-sided Student's t test for two groups and one-way ANOVA test for three or more groups. All experiments were repeated at least three times. P < .05 was considered as statistically significant.
3 | RESULTS
| lncRNA XIST upregulated in serum of pneumonia patients
The results showed that XIST was significantly increased in acutestage pneumonia than that in healthy control ( Figure 1A ). Hence, we speculated that implying XIST might play a potential role in regulating acute pneumonia development.
| LPS stimulation induced cell apoptosis and inflammation injuries in WI-38 cells
To examine the functions of LPS on WI-38 cells, different concentrations of LPS (5, 10, and 20 μg/mL) were used to induce cell injury.
CCK-8 assay demonstrated that cell viability was obviously reduced as with increasing LPS concentration ( Figure 1B) . Furthermore, the cell apoptosis was significantly increased with increasing concentration of LPS ( Figure 1C ). Meanwhile, LPS induced the decreased protein level of antiapoptotic marker Bcl-2, while increased the protein levels of proapoptotic markers including Bax, cleaved caspase-3, and cleaved caspase-9 ( Figure 1D ). By performing ELISA assay, LPS evidently increased the secretion of proinflammatory cytokines (IL-6, IL-1β, and TNF-α) ( Figure 1E ). In agreement, qRT-PCR and Western blotting assays indicated that the mRNA and protein levels of the abovementioned proinflammatory factors were also significantly decreased ( Figure 1F ,G). Since 10 μg/mL LPS contributed to an obvious reduction in cell viability while significant increase in cellular inflammatory damage, 10 μg/mL was selected for the following experimental conditions. These data suggest that LPS-induced acute pneumonia WI-38 cell model is successfully constructed.
| XIST was upregulated in LPS-induced WI-38 cells
XIST was reported to promote cancer development and could cause inflammation response in chronic constriction injury, neuropathic pain, and chronic pain. [23] [24] [25] 36 To profile the expression of XIST in LPSinjured WI-38 cells, qRT-RCR analysis was evaluated. The results demonstrated that XIST expression is significantly evaluated at different degrees in WI-38 cells with LPS treatments at various levels. qRT-PCR assay was applied to verify the transfection efficiency.
More specifically, the data demonstrated that XIST expression was dramatically inhibited by si-XIST#1 and si-XIST#2 transfection compared with si-NC group, and si-XIST#2 was selected for subsequent experiments because of better knockdown effect ( Figure 2B Western blotting. *P < .05, **P < .01, and ***P < .001
| XIST suppressed miR-370-3p expression by functioning as a sponge in LPS-induced WI-38 cells
The subcellular localization of lncRNA is closely associated with its biological effects and potential molecular roles; thus, RNA-FISH assay was performed to detect the subcellular distribution of XIST. The results showed that most of punctate patterns were abundant in the cytoplasm, while minority in the nucleus ( Figure 3A) , which was also verified by nucleocytoplasmic separation experiment ( Figure 3B ). Aiming to elucidate the exact mechanisms underlying the function of XIST, we searched its potential targets using starBase database (http:// starbase.sysu.edu.cn/starbase2/index.php); a putative interaction between XIST and miR-370-3p was found, and binding sites of wild type (XIST-WT) and mutant type (XIST-MUT) were shown (Figure 3 C). Luciferase reporter assay demonstrated that XIST-WT and miR-370-3p mimic cotransfection significantly reduced luciferase activity, while XIST-MUT and miR-370-3p mimic cotransfection failed to affect luciferase activity in WI-38 cells ( Figure 3D ). The interaction between FIGURE 3 X inactivate-specific transcript (XIST) suppressed miR-370-3p expression by functioning as a sponge in lipopolysaccharide (LPS)-induced WI-38 cells. A, Localization of XIST by RNA-FISH in WI-38 cells. Nuclei is stained red (DAPI), and XIST is stained blue (scale bar = 50 μM). B, XIST expression in nucleus and cytoplasm was analysed by qRT-PCR. C, Putative miR-370-3p binding sequence and mutation sequence of XIST mRNA were as shown. D, Luciferase reporter assays were used to prove XIST can target miR-370-3p. E, Association of miR-370-3p and XIST with AGO2 was performed by immunoblotting assays. RNA levels were presented as fold enrichment in Ago2 relative to IgG immunoprecipitates. F, qRT-PCR was used to detect XIST expression in the sample pulled down by biotinylated miR-370-3p WT and miR-370-3p MUT probe. G, miR-370-3p and XIST expression levels were analysed by qRT-PCR. H, miR-370-3p expression in serum of acute stage pneumonia patients and healthy controls was analysed by qRT-PCR. I, The correlation analysis between XIST expression and miR-370-3p expression in acutestage pneumonia patients (n = 30) was performed by Spearman's rank correlation analysis. J, miR-370-3p expression was detected by qRT-PCR. *P < .05, **P < .01, and ***P < .001 miR-370-3p and XIST was further validated in RIP assay, and the results indicated that XIST exerted more significant enrichment in the Ago2-containing miRNA ribonucleoprotein complexes (miRNPs) than the control IgG immunoprecipitates ( Figure 3E ). Meantime, biotin-labelled pull-down assay demonstrated that XIST was efficiently pulled down by bio-miR-370-3p ( Figure 3F ), but not bio-miR-370-3p MUT. Consistently, qRT-PCR analysis indicated that XIST inhibition upregulated miR-370-3p expression, while miR-370-3p inhibitor considerably enhanced XIST expression in WI-38 cells ( Figure 3G) . Moreover, the serum miR-370-3p expression in acute-stage pneumonia patients was significantly decreased compared with healthy control (Figure 3H ), and the level of XIST and miR-370-3p exhibited a dramatically negative correlation confirmed by Spearman's correlation analysis ( Figure 3I ).
Furthermore, miR-370-3p expression was signally reduced with LPS induction in WI-38 cells in a concentration-dependent manner ( Figure 3J ). On the basis of the above findings, XIST might exert an effect on miR-370-3p deregulation through functioning as a sponge.
| TLR4 was a target gene of miR-370-3p
Recent study reported that miR-370-3p inhibited vascular inflamma- Figure 4D ). Meanwhile, Western blotting also confirmed that the TLR4 protein level were reduced or enhanced by miR-370-3p mimics or inhibitor, respectively ( Figure 4E) . The above data demonstrated that TLR4 were a direct target of miR-370-3p.
Moreover, the serum TLR4 expression in acute-stage pneumonia patients was obviously higher than healthy control ( Figure 4F ). Next, Spearman's correlation analysis proved that XIST expression was positively while miR-370-3p expression was inversely correlated with TLR4 expression in acute-stage pneumonia patients ( Figure 4G ,H). In addition, TLR4 mRNA expression was significantly increased with FIGURE 4 TLR4 was a target gene of miR-370-3p. A, Putative miR-370-3p binding sequence and mutation sequence of TLR4 mRNA were as shown. B, Luciferase reporter assays were used to prove that miR-370-3p can target TLR4. C, The transfection efficiency by miR-370-3p mimics, and inhibitor was analysed by qRT-PCR. TLR4 expression was analysed by (D) qRT-PCR and (E) Western blotting. F, CCL5 expression in serum of acute stage pneumonia patients and healthy controls was analysed by qRT-PCR. The correlation analysis (G) between TLR4 and miR-370-3p expression and the correlation analysis (H) between TLR4 and X inactivate-specific transcript (XIST) expression in acute stage pneumonia patients (n = 30) were performed by Spearman's rank correlation analysis. I, TLR4 expression was analysed by qRT-PCR. *P < .05, **P < .01, and ***P < .001
LPS induction in a concentration-dependent manner ( Figure 4I ). Altogether, the results above proved that TLR4 was a target gene of miR-370-3p and was positively modulated by XIST.
| Downregulation of XIST inhibits LPS-induced apoptosis and inflammatory damage via miR-370-3p in LPS-injured WI-38 cells
To explore the regulatory relationship between XIST and miR-370-3p, XIST was downregulated by its siRNA, and miR-370-3p expression was further knocked down by its inhibitor in WI-38 cells. As expected, si-XIST improved cell viability and reduced apoptosis, whereas the effect of XIST silencing was largely abrogated by the concomitant inhibition of miR-370-3p ( Figure 5A,B) . Congruously, the function of si-XIST on increasing Bcl-2 and decreasing the Bax, cleaved caspase-3, and cleaved caspase-9 protein levels was abolished by cotransfection with miR-370-3p inhibitor ( Figure 5C ). Furthermore, decreased inflammatory factors (IL-6, IL-1β, and TNF-α) by XIST inhibition was also reversed by miR-370-3p inhibition ( Figure 5D ,F). These results imply that XIST aggravates LPS-induced WI-38 cell injuries through targeting miR-370-3p.
| XIST regulated JAK/STAT and NF-κB pathways in LPS-induced WI-38 cells
The effect of XIST on the JAK/STAT and NF-κB pathway in LPSinduced WI-38 cells was further analysed. As shown in Figure 6A ,B, LPS treatment markedly led to the increased expression levels of expression. 38 Meanwhile, XIST regulates the growth, invasion, and migration of bladder cancer by interacting with miR-124 to target androgen receptor. 39 Not only in cancer, current literature researches prove that XIST also can affect inflammation response. Sun et al showed that XIST inhibition could reduce inflammatory pain through inhibiting Nav1.7 by acting as a sponge for miR-146a, suggesting a promising strategy for fighting inflammatory pain. 23 Moreover, XIST knockdown inhibited neuroinflammation by suppressing TNF-α, COX-2, and IL-6 expression in CCI rats. 24, 25 However, there are few literature studies on the function and mechanism of XIST in pneumonia.
And recent research has shown that ceRNA hypothesis is proposed to explain a new regulatory mechanism of lncRNA through sponging miRNAs in many diseases. 40 Our studies suggest that XIST negatively regulates miR-370-3p to promote apoptosis and inflamma- Although the role of miR-370-3p in pulmonary injury caused by pneumonia has not investigated, based on our study, we speculate that downregulation of miR-370-3p may aggravate pulmonary injury.
Additionally, TLR4 was identified as a functional target of miR-370-3p. Toll-like receptor is involved in nonspecific immunity, and TLR4 is the first identified mammalian TLR and serves a vital function in inflammatory responses. 41 Notably, previous studies have suggested that TLR4 signalling can promote injury, inflammation, and pulmonary fibrosis in acute or chronic lung injury mice model. 42 TLR4
recruits signal transducers and initiates signal cascades through ligand binding, which can active NF-κB pathway and promote the production of inflammatory factors, such as IL-6 and TNF-α. 43 Meanwhile, the JAK/STAT signalling pathway has been involved in pathological inflammatory response. 44 More importantly, JAK/STAT and NF-κB signalling has been implicated in pneumonia. For example, miR-1247 could aggravate acute pneumonia through activating JNK and NF-κB pathways, and CRNDE can upregulate FOXM1 that further activates NF-κB and JAK/STAT pathways in LPS-injured WI-38 cells. 35, 45 Because of the key function of JAK/STAT and NF-κB in pneumonia, FIGURE 6 X inactivate-specific transcript (XIST) regulated JAK/STAT and NF-κB pathways in LPS-induced WI-38 cells. A, Representative western blotting results for TLR4, p65, p-p65, IkBα, p-IkBα, JAK2, p-JAK2, STAT3, and p-STAT3 protein expression from si-NC, si-XIST transfected or si-XIST + NC inhibitor, or si-XIST + miR-370-3p inhibitor cotransfected WI-38 cells after LPS treatment. B, Quantitative analysis of proteins was obtained by using β-actin as a control. *P < .05, **P < .01, and ***P < .001 our data prove that XIST knockdown contributes to inhibition of JAK/STAT and NF-kB pathways through sponging miR-370-3p during pneumonia progression.
In conclusion, this study firstly indicated that XIST was increased in serum of patients with acute-stage pneumonia and LPS-injured WI-38 cells; downregulation of XIST attenuated LPS-induced apoptosis and inflammation in WI-38 cells via modulating miR-370-3p/TLR4 axis.
This study may supply novel clues for understanding the role of XIST in pneumonia progression and offer strategies for therapeutic approach to acute stage of pneumonia.
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